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ABSTRACT 


F. J. Lin, T.C. Wang and H. c. Tseng (1973). Allometric aud yses in wing length. PUN 


. wing indices of Drosophila species. 


. Bull. Inst. Zool., 


Academia Sinica, 12(2): 59-69. The. .- 


sted as follows: 


relationships among wing characters (i. e., wing-vein indices and wing length) of Drosophila... . : 


. melanogaster species group were statistically analysed. The results from these analyses are 


positive correlation exists between 4th- 
“costal vein and 4th vein, and 4th-costal- veins and Acrocostal indices. (2) the sexual — 
: differences of the wing characters are as follows: female larger than male in Costal, 4th- 
costal vein indices and wing length; male larger than female in 5th-cross vein index; and’ 


o (1) negative correlation exists between Costal and 4th vein, Costal and ^ B i 
'4th-costal vein, "and Costal and Acrocostal indices; 


indifferences in 4th vein and Acrocstal indices. 


(3) these quantitative data of. wing charac- 


_ters can be applied for phylogenetic considerations of orthodox systematics. . 


The terms of wing-vein indices, the Costal 
index (C-index), the 4th vein index (4V-index), 
the 4th-costal vein index (4c-index) and the 5th- 
cross vein index (5x-index) were first described 
by Sturtevant&t:19; 
the ratio of a-section of a vein to another sec- 
tion of the same vein or other vein, and used 
as the taxonomic characters for: the. -drosophilid 
fauna. HeC9 further stated that the C-index 
and the 4V-index are somewhat less variable 
and more useful as specific characters. He also 


stated that the 4V-index showed a weak nega- 


tive correlation with the C-index. The negative 
correlation between the. C-index and the 4V-index 
is called “Sturtevant’s rule" by Okada“.  Burla(? 
studying above mentioned four wing indices of 


they were calculated from . 


17 species of West African Pholadoris flies of the 
genus Drosophila, concluded that these four mor- 
phological characters had mutual relations that 
if these species were arranged in ascending order 
of the C-index, the other three indices would 
assume roughly in descending orders. This is 
called as “Burla’s rule” by Okada“. Apparently 
the "rules" were derived from “Lameree and 
Geoffrey-Smith's rule"G.9, DS 

The authors.intend here. not only to re- 


examine these rules statistically but also to dis- 


cuss the ‘possible relationships between flies of 


“the species of melanogaster group collected in 


Taiwan. 


MATERÍALS AND METHODS 


The flies used in this experiment are from 


1 Present address: 
U. S. A. 
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Department of Zoology, The University of Nebaraska, Lincoln, Nebraska 68508, 
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TABLE 1 
Drosophila melanogaster species group of flies used in the analyses and their sources 


+ 


Species Subgroup Stock no. Locality -Collector (s) 
D. trilutea takahashii 0033.4 Alishan F.J. Lin and J.C. Wu 
D. prostipennis takahashii 0093.7 Chi-tou | F.J. Lin and H.C. Tseng > 
D. sp. from Chi-tou suzukii 0080.7 Chi-tou F.J. Lin and J.C. Wu 
D. lucipennis suzukii 0079.3 Wulai F.J. Lin and J.C. Wu 
D. kikkawai montium 0060.3 Jui-fang J.I. Ting 
D. rufa montium 0068.5 Puli J.L Ting 
D. bipectinata ananassae 0075.7 — Chi-peng F.J. Lin and H. Wang 
D. ananassae ananassae 0095.1 | Peng-Hu Id. H.C. Tseng 
D. melanogaster melanogaster 0075.3 Chi-peng F.J. Lin and H. Wang 


laboratory stocks in the Institute as shown in 
Table 1. 

One hundred of wings of each sex of the 
nine species of Drosophila taken randomly from 
new imago to 15 days old flies were plucked and 
mounted in euparal on slides. A total of 1,800 
wing specimens including 10,800 calculated cha- 
racter values were examined in this experiment. 
The wing length and wing indices were measured 
by àn eyepiece micrometer attached on Olympus 


Ln 


Fig. l. The wing of Drosophila. 


C-index=a/b; 
Ac-index b/c; 
5x-index=g/f; 


WL 


Z-III stereomicroscope. 

The wing length is measured as the distance 
from the outer cross suture of radius to the tip of 
the third long vein (R,,;). C-index is. measured 
by dividing the length of the second section of costa 
(first long vein) by that of the third section of 
costa. 4V-index is obtained by dividing the length 
of the ultimate section of the fourth long vein 
(M,,2) by that of penultimate section of thé fourth 
long vein. 5x-index is obtained by dividing the 


4c-index=b/d; 
4V-index=e/d: 
WL=wing length. 
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length of the last section of the fifth long vein (M, 
--Cu,) by the length of the posterior cross vein 
(m). 4écindex is obtained by dividing the length 
of the third section of costa by the penultimate 
section of the fourth long vein. Ac-index was 
the first mentioned by Burla(9, is obtained by 
dividing thethird section of costa by the fourth 
section of costa (Fig. 1). 

Analysis of variance, t-test, least significant 
differences and Spearman's method of rank cor- 
relation were employed in these analyses. 


RESULTS 
Mean values of the wing characters of nine 
species of melanogaster group of flies are shown in 
Table 2. Sturtevant? pointed out that -the C- 
index in the subgenus Sophophora of the genus 
Drosophila is‘in general 3.00 to 1.20, and the 


4V-index in the subgenus is 2.00. The C-index 
(1.51 to 2.98) and the. 4V-index (1.96 to 2.66) in 


this experiment agree with that of Sturtevant's 
observation. In the present study 4c-index varies 
from 0.90 to 1.64, the 5x-index from 1.72 to 2.51, 


"the Ac-index from 2.36 to 3.42 and wing length 
ranges from 1.51 to 2.36 mm (Tables 2, 11). 


These values are considered to be the character- 
istics of this species group. 

The male C-index of the nine species of 
melanogaster group of fües were arranged in de- 


scending order and ¢-values wére calculated 


(Table 3). Sturtevant and Burla stated that nega- 
tive correlation existed between C-'& 4V-, C- & 
4c-, and C- & 5x-indices; and positive correlation 
existed between C-index & wing length; but 
from the. t-test of the present analyses there is 


hardly to say that. whether the ranking of these 
_ characters, namely 4V=; 4c- and 5x- inidices, agree 
` with the order of C-index. 
that in supraspecific taxa (subgenus, species group 


Okada€? summerized 


and species, good species and sibling species) 
and infraspecific taxa (subspecies, race. and strain, 


: TABLE 2 
Mean ‘and ‘standard error of the morphological characters (Wing-vein indices and 
wing length) in the melanogaster species of flies 


A A A A Kunnu— XO ——H—n— 


Species Sex|  C-index 4V-index 4c-index |  5x-index | Ac-index | Wing length 
——Á M | 1,51:-0.082.|.2.38::0.153 | 1.64+0.105 | 1.97+0.166 | 2.98::0.197 | 1.98:£0.056 
F | 1.58+0.093 | 2.42:-0.108 | 1.6040.111 | 1.88:£0.184 | 3.040.221 | 2.25+0. 088 

psc M | 1.543:0.112 | 2.3140.147 | 1.6040.116 | 2.0240.256 | 3.42-:0.384 | 1.51:£0.038 
E | 1.61-£0.122 | 2.34+0.187 | 1.55::0.108 | 2.07::0.207.| 3.38::0.256 | 1.76::0.061 

n M | 1.93:-0.122 | 2.660.221 | 1.4940.117 | 2.51::0.179 | 2.74::0.206 | 1.82+0.108 
F | 2.160.532 | 2.55:£0.142 | 1.36::0.070 | 2.41:E0.186 | 2.76::0.166 | 2.150.083 

kikkaval M | 1:95::0.107 | 2.45£0.155 | 1.420.094 | 2.21::0.030 | 2.8640.202 | 1.87::0.086 
F | 2.1840.104 | 2.4040.154 | 1.310.075 | 2.140.187 | 2.7840.158 | 2.120.094 
sp. from | M | 2.2540.155 | 2.50+0.165 | 1.300.103 | 2.2940.192 | 2.660.264 | 1.82::0.052 
Chi-tou F | 2.46+0.160 | 2.4940.206.| 1.230.119 | 2.120.189 | 2.680.192 | 2.240.079 
"EC M | 2.39::0.142 | 2.240.140 | 1.15+0.089 | 2.18+0.136 | 2.420.221 | 1.70::0.066 
lucipennis D i 

F | 2.550.165 | 2.230.152 | 1.10+0.080 | 2.120.169 | 2.38+0.147 | 1.99::0.079 . 
E: M | 2.42+0.191 | 2.11-:0.202 | 1.12::0.098 | 2.040.205 | 2.4740.172 | 1.840.138 
prostipennis `| > | 2,81+0.177 | 2.12::0.130 | 1.000.060 | 1.97+0.201 | 2.410.110 | 2.220.071 
elanogaster | M | 2-4940.143 2.320.197 | 1.16+0.088 | 1.720.126 | 2.360.148 | 2.0640. 105 
melanogaster | v; | 5 5940.140 | 2.32+0.186 | 1.12::0.076 | 1.723:0.147 | 2.41::0.161 | 2.290.073 
v M | 2.620.133 | 1.97::0.096 | 1.0040.051 | 2.04-E0.111 | 2.46-:0.171 | 2.012:0.083 
i F | 2.9840.165 | 1.96::0.099 | 0.9040.054 | 1.91::0.131 | 2.43:50.126 | 2.36::0.087 
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individuals, sexual forms), 54.5% (110 in 210) of 


his results are agreed with, 23.2% -(51 in 210) - 


insignificant of, and 22.3% (49 in 210) disagreed 
with the “rules”. The torelance of mutual rela- 


tions between two successive means by ascending - 


or descending order of the C-index are obviously 
invalid. Thus, the authors tried to get more 


precise analyses of the wing characters using ' 
analysis of variance, least significant difference - 


(LSD) and rank correlation - to compare - with 
the previous reports. The factorial „analyses of 


the present results are listed in. Table 4... Tables 


5,6,7 and 8 show that the LSD among species, 
between sexes and among the wing characters. 


F-ratios show that the main effects of species, - 


sexes and wing’ characters, and of the interactions 


between species and sèxes, between species and .. 


characters, between sexes and characters and 
among species, sexes and characters are mutually 
related (Table 4). 

The least significant differences among species 
(Table 5) show that there is no significance be- 
tween lucipennis & prostipennis, prostipennis & 
melanogaster, melanogaster & trilutea and lucipennis 


male in total. means of the nine species. 


& trilutea; weak significance between bipectinata 
& ananassae, whereas mutual relations between _ 
evey two species excluding species stated above s 
are at the level of sigificance. Table 6 shows | 


that the least significant difference between. male 


and female, obviously they are quite above the 
significant level. The mean differences among the 


-= characters are shown in Table 7. The least signi- 


ficant differences of these means show that all : 
the characters are mutually. related (Table 8): - 

C-index the female is significantly Jarger than m 
In 4V- 
index the total means: of the male is larger - than 
that of the female, ‘but. shows tio significance 


statistically. In 4c-index the female is significantly. 
larger than the male statistically. "The 5x-index 
shows that the total means of the male is. larger 
than that of the female. In Ac-index there is no 
difference between the male and the female, how- 
ever the male is slightly: larger than the female. 
The female bas longer wing length than the 
male in total means as in the C-index and 4c- 
index. Alternative analysis by t-test also shows 
that the sexual difference of the wing characters 


TABLE 4 
Factorial analysis of variance for the species, sexes and characters of 9. 
species of melanogaster group of flies 


“yagations . sum of ‘squares E oe Mean Squares | T ratio 

"Main effects: = — 

Species (SD | (365 TO 8 4.95 | 229.50 
Sexes (Sx) | | 835. | 8.35 MENU 
Characters (C) ` ; 1,998.86 5 399.77 19,988.50" y 

Terie ONS: Ee. Magat 2 i oe 
ET 230.66 8 0.08 eo4009 o 
Sp:C 731.90 40 18.30 :915.00** 

O$xCo ^ 87.34 5 11.47 573.509€ — 

. Sp:Sx:C | 10.81 40 [| 0.27 13.509 —— 

Errors . 264.14 10,692. |. 0.02 Mi 
~ Total - 3,108.81 10,799 


**: significant -at 176 level. 
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0.1717**| 0.1656**| 0.1639**| 0.1565**| 0.1198**| 0.1077**| .0.0699**; 0.0403** 


No. in parenthesis shows sum of total. 


0.1314**| 0.1253**| 0.1236**| 0.1162**| 0.0795**| 0.0674** s 


TABLE 5 
Mean difference among species 
. c Species ier x os 
| . 2.2153 
mule (2,658.39) 
sp. from - 2.1750 
Chi-tou (2,610.02) 
MERE 2.1454 | JOD NEU NAM. EOM CENE 
kikkawai | (2,574.58) 0.1018** dunes 0.0940**| 0.0866**| 0.0499**, 0.0378** 
m 2.1076 -. 3 | Pa | | 
_ ananassae | (2,529.14) 0.0640**| 0.0579**, 0.0562** 0.0488**| 0.0121* 
y 2.0955 | m 
? bipectinata — | Q,514.71). 0.0519** 0.0458** 0. 0441** 0.0367** 
RULES LESEN PEN SUPE 
apis T | 2, 470.60) 0.0152**| 0.0091 . 10074 
d 2.0514 - 
melanogaster (2,461.72) 0.0078 l 0.0017 
prostipennis | iio e 0.0061 
luci ; 2.0436 
su iip (2,452. 40) 


* **> least significant difference at 5% and 1% level respectively. 


of the nine species of Drosophila (Table 9). 


Non-parametric Spearman’s method of rank A 
p p 


correlation was employed for the analysis of mu- 
tual relationships between each two characters. 
As mentioned before t-test for the two successive 
means by ascending or descending order of the 
wing characters is not a good method for the 
analysis for the correlation between each two 
characters (Table 3). Each character of the nine 
species of* Drosophila is arranged in ranking order, 
for instance, in C- index trilutea has the highest 
value in the rank and ananassae has the lowest 
value in the rank. In 4V-index rufa has the 
highest value in the rank and trilutea has the 
lowest value in the rank. In 4c-index ananassae 
has the highest value in the rank and trilutea has 
the lowest value in the rank. In 5x-index rufa 
has the highest value in the rank and melanogaster 


has the lowest value in the rank. In Ac-index 
bipectinata has the highest value in the: rank and 
melanogaster has the lowest value in the yank. In 
wing length trilutea has the longest value in the 
rank and bipectinata has the shortest value in 
the rank. The formula of Spearman’s method 
for the rank correlation is as follow: 
6FL) 
mm—1) 

where n is the number of the rank and d is the 
difference value . 

The mutual relations between each two cha- 
racters were calculated, the results are shown in. 
Table 10. There are negative correlations bet- 
ween C- & 4V-indices, C- & 4c-indices, and 
C- & Ac-indices; positive correlations between 
4V- & 4c-indices, and 4c- & Ac-indices; and no 
correlations for the rest of each two characters. 
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TABLE 6 
Mean difference between sexes 


Sexes x 


| | 2.1325 


Female | (11,515.72) 0.0555** 


1 
i 


| | 2.0760 | 
Bos | (41,215.52) | 
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TABLE 7 
Mean difference among characters 
Characters x 
Ac-index 2.7078 1.4232 0.7026** 0.6295** |  0.4806** | 0.3827** 
(4,874.17) kda) .7026* | 0.4806 
4X-Andex 2.3251 1.0405** 0.3199** 0.2468** 0.0979**- 
(4,185.19) i : i zs 
be i 
Cadex l à 00500 | 0.9426** 0.2220** 0. 1489** 
l 2.0783 
5x-index (3,741.05) 0.7937** . 0.0732** | 
l 2.0052 l 
Wing length (3,609.43) 0.7206** 
a a ree win tes st ee eh Os UNS - m a ci xd 
l 1.2846 
PEER (2,312.38) 
TABLE 8 


Mean difference for sexes and -characters 


Sex and 4V-index | x 


Sex and C-index x 


Sex and 4c-index X 


f i 
_ | 2.3287 "E ast 2.3310 | p , 1,3244 
Female (2,095.88) 0.2031 Male (2,097.90) 0.0118 | Female | (1,192.03) 0.0796** 
| | EJ 
, 2.1256 | | 2.31 | E 1,2448 
Male — | (1,913.12) Female" | (2,087.29) | MS | (1,120.35). 


Sex and 5x-index x Sex and Acindex x 


Sex and Wing length x 


; | | | 
_ d .2.1136 : g | 2.7140 | . | _ | 2457 “i 
| Male- (1,902. 40) 0.0708* | Male | (2,442.64) 0.0123 | Female (1,942.00) | 0-3050 | 
Í - a ' i i x ent DE Kd : 
| 2.029 m | 2.7017 | 1.8527 
Female- | (1,838.65) | Female- | (2,431.55) Male (1,667.43) 


** significant at 1% level as on TABLES 6, 7 and 8. - 
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» C-index 
4V-index 


4c-index 


Sx-index | 
Ac-index . 
Wing length . 


C-index 


—0.7167* 
—0.9833** 
—0.2667 
—0.8417** 
0. 4667 
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; - TABLE 10 
Results of Spearman’s rank correlation coefficient _ 


4V-index 


0.7333* 
0.6500 
0.5167 

— 0.3000 


. 4c-index | ^ Sx-index Ac-index 
0.1833 
0.8000** 0.2667 | 
—0.3667 . .. 0.6000 0.3500 : 


o% "*: significant at 5% and 1% level respectviely. — | 


TABLE 11 


Average wing-vein characters in the melanogaster group of flies 


Subgroup C-index | 4V-index 4c-index | 5x-index Ac-index | Wing length 

ananassae 1.51-1.54 | 2.31-2.38 | 1.60-1.64 | 1.97-2.02 | 2.98-3.42 | 1.51-1.98 
Av. | 1.53 2.35 1.62 2.00. 3.25 1.75 

montium 1.93-1.95 | 2.45-2.66 | 1.42-1.49 | 2.21-2.51 | 2.74-2.86 | .1.82-1.87 
| Av. 1.94 2.56 1.46 2.36 2.80 1.85 

suzukii (| 2.25-2.39 | 2.24-2.50 | 1.15-1.30 | 2.18-2.29 | 2.42-2.66 | 1.70-1.80 
Ay. |. 2.34 2.35 1.23 2:24, 8 2.54 “1.75: 
melanogaster 2.49 — 2.32 1.16 1.72 2.36 2.06 

takahashii 2.42-2.62 | 1.97-2.11 | 1.00-1.12 2.04 | 2.46-2.47 | 1.84-2.01 
> AV. 2.52 2.04 1.06 . 2.04 2.47 - 1.98 


Interestingly, the mutual relations between C- & 
5x-indices, and C-index & wing length from the 
present results (no mutual relationships in this 
analysis) are not going with Sturtevant and Burla's 
rules (positive correlations between C- & 5x- 
indices, and C-index & wing length), but the 
direction. of their relations points out they are at 
the same side of the correlation from previous 
reports6.9,10,1D, will discuss later. 


DISCUSSION 


=. The wing of insects is composed of two 
elements of different origins, the veins and the 
membranes. The embryology of Drosophila wing 
has been thoroughly studiedC.», They have at 


various occassions been ascertained to develop in- 
dependently“, and their developments follow 
with the allometric growth of the logic of Reeve 
and Myrray“®. As pointed before, Sturtevant™® 
found that the C-index is negatively correlated 
with the 4V-index (higher C-index with lower 
4V-index), BurlaC.9 refered that the C-index .is 
positively correlated with the wing length and the 
4V-index is negatively correlated with the wing 
length in drosophilid flies. Moreover, Okada“) 
proved statistically that Sturtevant and Burla’s 
findings were acceptable not only by the infras- 
pecific level but also by the supraspecific hierar- 
chies in the subgenus Drosophila. The generali- 
zation were eventually called “Sturtevant and 
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Burla's rules" by Okada@™. 


As summerized by Okada“, the allomorphic 


patterns of the wing characters show that they 
are sübject to phylogenic dévelopments arid har- 
monious to some extents with ontogenic develop- 
ments. The characteristics in comparatively higher 
systematic categories exhibit diphasic or triphasic 
species-form allomorphosis. Terms of the allo- 
metric growth were proposed by him, tachymetry 
and bradymetry referring to the positive allometric 
growth and negative allometric growth, respec- 
tively. Hë also pointed out that the degtee of 
C-index àüd wing length is roughly correlated 
with the phylogenic constant as expressed by 


Burla(? and C-index and wing length are proved . 


acceptable in tho forms having tachymetric allo- 
morphosis:..- Moreover, he expressed that the phe- 
nomenon of Lameree & Geoffrey-Smith referring 
to the occurence of the similar patterns of allo- 
morphosis both among the individuals of each 
related species and among these nine related 


species, in which the interspecific evolutionary. 


changé in wing-vein corrélations is more diversified 
than the infraspecific one“. Waddington“? dè- 
motisttatéd that thé flies of Drosophila melanogaster 
the C-index increased as the fly getting older (1.25 
at 18 hours, 2.93 at 28 hours and 3.33 at 38 hours 
after pupation), œ —0.65, heterauxesis®, arid point- 
ed out that the phases of its development are 
tempted to be subject to the heteráüxesis changes 
(ontogenic development or ontogenic changes). 
The fact implies that the increase of C-index in 
intraspecific level is the same as the iticrease of 
C-index in interspecific level. The allomorphiosis 
patterns of the wing-véitis and wing length stri- 
kingly reflect thé hitherto known relationship of 
insects. The séquence of allomóphosis and the 
Sturtevant and Burla’s rules would have some 
connections with the hétérauxetic growth of the 
wings in the genus Drosophila. 

Although linear regressions of the wing-vein 
indices and wing léngth of the nine species of 
melanogaster group of flies demonstrated here was 
not calculated, but the same results were obtained 
by the analyses of non-parametric analysis, i. e., 
Spearman’s rank correlation (Table 10). As shown 


in the Tables 1 and 2 lineage allomorphosis and 
species-form allomorphosis, i.e., phylogeny and 
systematics, cari be implied. l 

The classification using these wing-vein cha- 


"acters for subgroups of the melanogaster group 


of flies obtained from the présent study i$ as 
followings. The most: prominent characters for 
the classification are C-index and 4c-index, how- 
éver the others remain some certain degree. of 
overlapping. The average of the C-index in 
subgroups ananassae, montium, suzukii, melanogaster 
and takahashii are ranked in ascending order, 
being 1.53, 1.94, 2.34, 2.49 and 2.52, respéétively. 
However, the average of the 4c-index in those 
subgroups are ranked in descending order, being 
1.62, 1.46; 1.23, 1.16 and 1.06, bespectively (Tapie 
11). 
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JE Mg AY 324 ES WK BS A BS HE ES AT 


BGR BE Es 


LEE Ke 


AN HRA (Drosophila melanogaster species group) ZILA SJEBBUSXA Es ESAE AAAS 
ERRI » BERL (1) IRRE (C-iedex) HÆRE: (4V-index) > BRE RRR UU B 3c RU Cs RB 
(4c-index) > RTR IER BCR BTR A (Ac-index) RARER s TAS PUE RRR UU Bi fc HU Ds Dat 
» SSPU- Bii f UK AGAR BRE A RS EAA AE Re o (2) YETEZUZESRZIIE ^ HEN RBCAT EIS FRSUR i Gi 


RURAL > SEU BAR ROS 5 MEN ATEN BCA 985 EK ER EC (Sx-index) 5 SCALA RRA 


AER o (GELAR RB ee RT REF RZ IRS HE © 


